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| INTRODUCTION
Major and persistent depressive disorders (or depression) affect one in five cancer survivors. 1, 2 Adverse effects on the cost, quality, and duration of cancer survivorship justify prevention of depression as a cancer care priority. [3] [4] [5] [6] [7] [8] [9] [10] [11] For example, since 2014, the American Society of Clinical Oncology recommends depression screening for all survivors at their initial visit, at appropriate intervals, and as clinically indicated, especially with changes in disease or treatment status (ie, posttreatment, recurrence, progression) and on transition to palliative and end-of-life care. 10 Since 2015, the American
College of Surgeons' Commission on Cancer required cancer centers in the United States to screen survivors for psychosocial distress. 11 The 2016 US Preventive Services Task Force statement recommended depression screening and appropriate follow-up care in all adults and emphasized that cancer survivors face higher risks for depression. 12 Despite widespread support for depression care in cancer survivors, many depressed survivors live with undiagnosed or untreated depression due to low-screening rates (4% in the general population), 11, 13 poor clinician recognition, 14, 15 and patients' refusal/inability to get help. 16, 17 Available evidence suggests that (a) 2-3 in four depressed survivors do not receive a clinical diagnosis of depression; (b) 1-2 in five survivors fail to initiate depression treatment despite having received a clinical diagnosis of depression; and (c) unequal access to depression care persists across sociodemographic groups. [18] [19] [20] [21] [22] [23] [24] These gaps along the depression care pathway may impose dire consequences on the health and safety of cancer survivors. 25, 26 Moreover, prostate cancer survivors may be the most vulnerable cancer survivor-group since men are usually reluctant to report depressive symptoms or seek mental health care. [27] [28] [29] However, little is known about clinical diagnosis and treatment of depression in this patient population.
The overarching goal of this study was to describe rates, patterns and predictors of clinical diagnosis, and treatment of depression among prostate cancer survivors. These descriptions were based on self-report, and the study was designed to:
(a) provide insight into the reported racial difference in the risk of depression among prostate cancer survivors 30 ; (b) describe gaps in depression care in the short-to medium-term after prostate cancer diagnosis; (c) enhance the ability to plan and execute interventions that make depression care more accessible; and (d) respond to the request for "research to evaluate...the diagnostic process, and to identify, learn from and reduce diagnostic error… (including diagnosis that was unintentionally missed)" by the National Academy of Science, Engineering and Medicine's Committee on Diagnostic Error in Medicine. 31 The analytic approach was informed by Klinkman's Competing demands in psychosocial care model, which provides a framework for accessing determinants of clinical diagnosis of depression, and depression treatment conditional on clinical diagnosis of depression (ie, depression care). 32 The conceptual model and available evidence suggested that patients' attributes largely determine who receives depression care. 32 Generalized estimating equations (GEE) with a binomial family, logit link, and independent correlation were used to evaluate the indicator of self-reported clinical diagnosis of depression as a function of indicated key explanatory variables and control covariates. 53 The model predicted the average and annual rates of clinical diagnosis of depression among research subjects with probable depression. Survey sampling weights were applied and an alpha of 0.05 was used to determine statistical significance. Sensitivity analyses used alternative GEE correlation structures (ie, unstructured and exchangeable). Alwhaibi and colleagues have shown that frequent primary care visits are associated with a greater chance of clinical diagnosis of depression. 41 Conversely, two studies have shown that patients undergoing depression treatment make frequent primary care visits. 54, 55 Reverse causation between self-reported clinical diagnosis of depression and annual primary care visits was reduced by lagging the indicator of annual primary care visits by one survey wave.
| Assessing predictors and rates of depression treatment conditional on clinical diagnosis of depression
A subsample of research subjects reported their first clinical diagnosis of depression during follow-up. GEE with a binomial family, logit link, and independent correlation was used to evaluate the indicator of self-reported depression treatment as a function of indicated key explanatory variables and control covariates in the subsample. 53 The model predicted average rates of depression treatment using single observations from periods when research subjects reported their first clinical diagnosis. Survey sampling weights were applied and an alpha of 0.05 was used to determine statistical significance. Sensitivity analyses used alternative GEE correlation structures (ie, unstructured and exchangeable). Annual primary care visits were lagged by one survey wave to minimize bias from reverse causation.
| Dealing with missing data
400 PCaP research subjects were lost to follow-up before the end of HCaP-NC. 30 T-and Chi-square tests showed that research subjects lost to follow-up were more likely to be African American, uninsured, smokers, and low income earners with higher prostate cancer stages. 56 Logit regression showed that loss to follow-up was random conditional on observed variables. 56, 57 Survey response rates were about 95% (with respect to analytic variables) during each survey contact. Missing observations from survey nonresponse occurred at random and were addressed via multiple imputation (with 50 imputed datasets for explanatory variables only). [58] [59] [60] Details of the imputation process (including specifications and diagnostics) are available on request.
| RESULTS

| Descriptive statistics
Most research subjects were middle-aged/elderly, lived in urban areas, and were enrolled shortly after prostate cancer diagnosis (Table 1) . Both European-American and AfricanAmerican research subjects had similar distributions of health insurance coverage and cancer stage at diagnosis. However, African-American research subjects had lower income and less education. Over 10% of research subjects reportedly received a clinical diagnosis of depression prior to enrollment, and an additional 12% reportedly received their first clinical diagnosis of depression during follow-up. Similarly, about 7% of research subjects reportedly received depression treatment prior to enrollment, and an additional 9% reportedly initiated depression treatment during follow-up. All research subjects who reportedly received depression treatment also reportedly received a clinical diagnosis of depression.
| Rates of self-reported clinical diagnosis and treatment of depression
The average rate of self-reported clinical diagnosis of depression among research subjects with probable depression was 44% (95% CI: 39%-49%) over the study period ( Table  2 ). The average rate of clinical diagnosis of depression was significantly lower among research subjects with the following characteristics: African American race; below college education; employed; and infrequent primary care visits. The rate of clinical diagnosis of depression among research subject with probable depression significantly declined from about 60% in the first 2 years after cancer diagnosis, to about 40% 3-5 years later ( Figure 1 ). The average rate of depression treatment conditional on clinical diagnosis of depression was 62% (95% CI: 55%-69%) over the study period ( Table 2 ). The average rate of depression treatment was similar across categories of race, educational attainment, employment status, and frequency of annual primary care visits.
| Predictors of self-reported clinical diagnosis and treatment of depression
Variables with significantly lower odds of self-reported clinical diagnosis of depression included African-American race; employment; age at enrollment; living with prostate cancer diagnosis for three or more years; having high school education or less; decreasing depression severity; and infrequent primary care visits. There was no evidence of significant associations between self-reported clinical diagnosis of depression and any other variable in the model (Table 3) . Variables with significantly lower odds of self-reported depression treatment included decreasing depression severity, being employed and living with a prostate cancer diagnosis for more than 2 years. There was no evidence of any statistically significant association between self-reported depression treatment and any other variable in the model.
| Sensitivity analyses
The findings were robust to GEE with exchangeable or unstructured correlations and to complete case analyses. Emerging evidence suggests reverse causation exists between depression severity and clinical diagnosis of depression: Simon and colleagues (1999) argue that depression severity predicts clinical diagnosis of depression 61 ; Hung and colleagues (2017) showed that the duration of undiagnosed depression predicts depression severity. 62 Study
findings remained robust even after depression severity had been lagged by one survey wave to minimize bias from reverse causation.
| DISCUSSION
| Study implications
The data demonstrated the existence and nature of barriers to depression care among prostate cancer survivors. These findings have several important implications. 36 ) there seems to be a tendency toward more depression treatment among cancer survivors. Evidence from this study demonstrated a significant racial difference in self-reported clinical diagnosis of depression. This racial difference may arise from unequal access to depression care providers: this is consistent with evidence from the general population, 34 from cancer survivors at the VA, 64 and from research showing that race does not affect providers' decision to make a clinical diagnosis of depression. 33 Furthermore, no association was found between race and self-reported depression treatment, which also is consistent with evidence from studies on survivors with other cancer types. 36, 41 Hence, it is plausible that unequal access to depression treatment in the general population does not extend to prostate (or other) cancer survivors. 39, 65 Additionally, the previously reported racial difference in risk of probable depression among research subjects is more likely due to unequal access to depression care providers than to depression treatment after clinical diagnosis of depression. 30 The estimated rate of clinical diagnosis of depression among research subjects with probable depression declined from about 60% to 40% between prostate cancer diagnosis and 5-7 years later. This suggests that lack of clinical recognition of T A B L E 1 (Continued) depression (a type of diagnostic error) 31 increased over time, and demonstrates a growing unmet need for depression care in prostate cancer survivors. Similarly, Table 3 showed that clinical recognition of depression decreased with advancing age at enrollment, thus depressed elderly survivors may be more likely to remain undiagnosed (as cancer care may gradually "crowd-out" the clinical attention and quality of care that cancer survivors receive for comorbidities [including depression], [22] [23] [24] and uncertainty about who [between primary and cancer care providers] should be responsible for meeting mental health care needs of cancer survivors may be increasing). 66, 67 Other predisposing factors to undiagnosed depression include fewer primary care visits (where depression care is usually initiated), [66] [67] [68] low education (due to higher mental health stigma than in those with more education), 69, 70 and being employed (due to workplace stigma and potential income loss). 20, 21, 71 The negative association between employment and self-reported depression treatment deserves special Research subjects with probable depression had Short-form 12 mental composite scores ≤48.9. T A B L E 3 (Continued) to 20 weekly 1-hour sessions at sites of care. 72, 73 Leaving work for psychotherapy sessions creates a potential for income loss, assuming one only gets paid for hours worked. 71 Paid Sick Leave laws and policies, as well as short-and long-term disability insurance provide protection against income loss. 74, 75 However, Paid Sick Leave laws and policies cover short-term health needs (ie, between 24 and 72 hours per year), 74 and may not protect sicker employees (with moderate/severe or treatment-resistant depression) or those who need to travel long distances to get psychotherapy. 71, 74 Similarly, short-and long-term disability insurance covers 3-4 in 10 workers and replaces 60%-80% of one's income. 75, 76 Hence, depressed employees with limited or no protection against income loss may have to choose one of two mutually exclusive options: to receive depression treatment and lose income; or to forego depression treatment for a chance at spontaneous remission with or without accompanying productivity and/or job loss (productivity loss being mostly borne by employers). 71, 77, 78 Loss aversion under Prospect theory dictates that most people in this situation will choose the latter option, 79 which may explain the negative association between employment and depression treatment. If this is the case, providing more protection against income loss may increase depression treatment rates.
| Strengths and limitations
This study has two main strengths. Several clinically relevant factors (eg, depression severity, comorbidities, and cancer stage) and two major contributors to racial differences in access to mental health care (ie, geography in North Carolina and health insurance coverage)] were controlled for in the models. 80 Application of sample weights makes these findings generalizable to prostate cancer survivors in North Carolina. This study also has several weaknesses. These findings from up to 13 years ago may not apply to present day prostate cancer survivors: for the Mental Health Parity and Addiction Equity Act (2008) and the Affordable Care Act (2010) were introduced after PCaP and reportedly increased access to depression care (ie, they would have led to higher rates of clinical diagnosis and treatment of depression among research subjects). [81] [82] [83] What is unclear is if these Acts significantly reduced sociodemographic differences in access to depression care services for prostate (or all) cancer survivors. Self-reported clinical recognition and treatment of depression is susceptible to error from misdiagnosis, recall bias and social desirability bias. Additionally, dependent variables in the GEE models may have been mislabeled in research subjects who reportedly received a clinical diagnosis of depression prior to enrollment and who had probable depression in an index wave 84 ; and when assuming that self-reported depression treatment was for depression rather than for anxiety disorders or chronic pain. 85, 86 These errors may bias regression estimates towards the null or increase variance and risk of type 2 error. However, risks of bias and type 2 error are likely to be minimal for three key reasons. First, studies examining clinical diagnosis of depression using self-reports and medical records demonstrated an 80% positive agreement (range: 51%-100%) and 90% negative agreement (range: 71%-100%). [87] [88] [89] Second, the estimated rates of clinical diagnosis and treatment of depression in research subjects are consistent with the literature (described above). 18, 36, 41, 63 Third, adults experiencing anxiety disorders or chronic pain are likely to be depressed. TH Fontham, Lixin Song, Laura Farnan, Scott E. Delacroix, and Edward S. Peters were involved in investigation, writing-review and editing. Theodora N. Erim and Bradley N. Gaynes were involved in supervision, writing-review and editing. Ronald C. Chen was involved in investigation, supervision, writing-review and editing.
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